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(54) Tide: REINFORCEMENT OF HOLLOW SECTIONS USING EXTRUSIONS AND A POLYMER BINDING LAYER 
(57) Abstract 

A hollow structural member is reinforced by a housing 
(10) in the form of a framework exposed structural foam on 
the housing (10). The housing (10) is placed . in the structural 
member at an orientation with its longitudinal axis perpendicular 
to the longitudinal axis of the structural member so that the 
foam is disposed directly against opposed walls of the structural 
member. Upon curing the foam becomes intimately bonded to 
the opposed walls of the structural member and to the housing 
(10) for reinforcing the structural member. Preferably the 
housing (10) is formed by extrusion so that it can be cut to 
size across its extrusion axis. 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Ctac d'lvoirc 


KF 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China _ 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






OE 


Germany 


U 


\ iffhtewteio 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/13876 



PCT/US98/17994 



REINFORCEMENT OF HOLLOW SECTIONS USING 
EXTRUSIONS AND A POLYMER BINDING LAYER 

BACKGROUND OF THE INVENTION 

The present invention relates to methods and apparatus 
for reinforcing structural members, such as structural 
sections used as automotive components. 

In a number of applications, particularly in the 
automotive industry there is a need for light-weight, high- 
strength structural members. Although structural members 
having these characteristics can be readily obtained through 
the use of various metal alloys, such as titanium alloys and 
the like, light-weight, high-strength alloys are generally 
cost prohibitive in automotive applications where weight 
reductions are closely balanced against the cost of materials. 
Moreover, reinforcement techniques . are required which can be 
readily adapted to existing geometries of structural parts 
thereby eliminating the need for fundamental design changes 
and providing a means by which substandard design performance 
can be remedied. That is, in many instances, design 
deficiencies are discovered after the vehicle design has 
reached a stage at which radical changes are no longer 
feasible. 

In addition, a significant amount of emphasis has been 
placed on performance characteristics of channel-shaped 
structural components which encounter forces that produce 
bending. Such structural components may be curved, hollow 
structural sections, such as automotive compartment rails or 
may be channel-shaped sections where two opposing section 
walls need to be secured together. My U.S. Patent No. 
5,575,926 discloses a composite laminate beam having an outer 
structural portion which is channel shaped and wherein an 
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inner tube is disposed within the channel. A structural foam 
layer is bonded to the inner tube and the outer structural 
portion. 

It would be desirable if techniques could be provided for 
5 providing sufficient reinforcement, particularly to curved 
hollow structural sections or to tie together two opposing 
sections . 

SUMMARY OF THE INVENTION 

" An object of this invention is to provide a reinforced 

structure which meets the above needs . 

A further object of this invention is to provide a method 
of reinforcing a channel-shaped structural member. 

In accordance with this invention a reinforced structure 
is comprises a channel shaped . structural member and a 
reinforcement housing within the channel of the member. In 
one embodiment/ the housing has a pair of opposite side walls 
with end walls being open. The axis of the housing which lies 
between the side walls and extends through the open ends is 
20 perpendicular to the longitudinal axis of the channel. A 
structural foam is in the housing and is bonded to the side 
walls of the structural member and to the housing to provide 
support for the structural member at the location of the 
housing. 

25 In one practice of the invention the structural member 

is a curved hollow section, such as an automotive compartment 
rail . 

The housing is preferably made as an extrusion which has 
support walls which are wide and flat. The structural foam 
30 is preferably an expandable polymer layer that is bonded to 
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the housing support walls and upon expansion becomes bonded 
to the side walls of the structural member to tie the 
extrusion and structural member together. By having the 
housing as a drop-in part, it is possible to customize the 
shape of the housing for being placed at any desired location 
in the structural member. 

In an alternative embodiment of the invention a hollow 
frame is provided to serve as a mounting structure for the 
foam layer. The frame is free of barriers or side walls along 
the sides of the foam that are disposed toward the side walls 
of the structural member so that the structural foam could be 
bonded directly to the side walls of the structural member. 

THE DRAWINGS 

Figure 1 is a perspective view of a reinforcement housing 
in accordance with one embodiment of this invention; 

Figure 2 is an end elevational view of the housing shown 
in Figure 1; 

Figure 3 is a side elevational view of the housing shown 
in Figures 1-2; 

Figure 4 is a top plan view of the housing shown in 
Figures 1-3; 

Figure 5 is an end elevational view showing the housing 
of Figures 1-4 mounted in a structural member; 

Figure 6 is a cross-sectional view taken through Figure 
5 along the line 6-6; 

Figure 7 is a perspective view showing a curved 
structural member incorporating the housing of Figures 1-4; 

Figure 8 is a cross-sectional view in elevation showing 
a modified form of housing mounted in a structural member in 
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accordance with this invention; 

Figure 9 is a view similar to Figure 7 showing yet 
another form of housing in accordance with this invention; 

Figure 10 is an end elevational view of the reinforced 
structure shown in Figure 9; 

Figure 11 is a view similar to Figure 9 showing still yet 
another form of housing in accordance with this invention; and 

Figure 12 is an end elevational view of the reinforced 
structure shown in Figure 11. 



DETAILED DESCRIPTION 

Various structural members require reinforcement in order 
to properly function. A particular form of structural member 
would be one having hollow sections such as automotive 
compartment rails. It is particularly difficult to reinforce 
such rails in their curved sections. It would also be 
desirable to provide reinforcement for structural members 
having spaced walls by tying the two opposing section walls 
together even where the members are not curved. 

In accordance with a preferred practice of this invention 
a housing is provided which may be an extrusion having the 
extrusion direction perpendicular or 90" to the main 
longitudinal axis of the rail or structural member being 
reinforced. This can be accomplished by having the rein- 
forcement housing open at each end with the open ends disposed 
at the opposed side walls of the structural member. In this 
manner, the sub-elements or walls of the housing or extrusion 
become walls for a bulkhead of support for the structural 
member by having a polymer layer or structural foam bonded to 
the housing which also become bonded to the opposed walls of 
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the structural member. Thus, the polymer layer is applied to 
the sides of the housing or extrusion which are wide and 
flat. The polymer layer upon curing ties the extrusion or 
housing to the main section or structural member through 
5 adhesion and entrapment. 

The housing is preferably an aluminum or plastic 
extrusion which is simple to make and cut to become custom fit 
thereby eliminating hydra- forming or tube bending. The 
housing can be cut to a size to snugly fit in the structural 

10 member channel. This structure also optimizes use of the 
polymer layer. Reference is made to my U.S. Patent No. 
5,575,526 for examples of suitable reinforcement foam for 
polymer layer materials. It is to be understood that other 
structural foam may be used in accordance with this invention. 

is In general, the invention would be practiced by having 

the extrusion or housing in a form which could be simply 
dropped into the structural member particularly where the 
structural member is of open channel shape having a bottom, 
wall and opposed side walls. The invention could be practiced 

20 by also inserting or dropping the housing into an open end 
wall of a tubular structural member and the polymer would bond 
to opposite wall portions of the tubular member. The 
invention may also be practiced where the hollow structural 
member is in the form of two spaced walls of separate members 

25 wherein it is desired to provide a reinforcement in the 
spacing between the walls. 

Prior to insertion of the housing, the polymer layer of 
structural foam would be bonded to support or mounting 
surfaces of the housing so that upon curing the structural 

30 foam then becomes bonded to the walls of the structural 
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member. This results in an integral structure comprising the 
structural member and the housing and the structural foam with 
the opposed walls of the structural member being tied together 
by the intermediate structural foam. 

Figures 1-4 illustrate a housing 10 in accordance with 
one embodiment of this invention. As shown therein housing 
10 is an extrusion of generally W-shape having a pair of outer 
walls 12,14 spaced from a pair of inner walls 16,18 which are 
joined to the respective outer walls by bottom walls 20,22. 
The inner walls are joined together by top wall 24. 

Structural foam 26 is provided in the two channels formed 
between the sets of walls 12,16 and 14,18. The opposite ends 
of housing 10 are open so that the foam 26 is exposed at these 
opposite open ends. In practice, as shown in Figures 5-6, the 
housing 10 with its polymer foam layers 26,26 is simply 
dropped into a hollow structural member in a direction 
perpendicular to the longitudinal axis of the structural 
member so that the open ends of the housing with its exposed 
foam are disposed against the side walls of the structural 
member. Figures 5-6, for example, show the structural member 
to be an automotive rail having a pair of opposed walls 28,30 
joined together by a bottom wall" 32 forming an open channel. 
Each wall 28,30 has an outwardly extending flange 34,36. A 
pin 38 extends through the opposed side walls 28,30. Housing 
10 would be dropped in to the channel until the housing rests 
on pin 38. Alternatively, if housing 10 is long enough, it 
could be spaced from and straddle pin 38. 

Although not illustrated, the outwardly extending flanges 
at the free ends of each wall 12,14 of housing 10 may include 
a pair of slits about one-third of the way inwardly of each 
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edge to create a separate tongue at the center of each free 
end. The tongue could be bent inwardly directly above the 
channels holding foam 26. Upon the foam 26 expanding, the 
inwardly directed tongues would serve as anchor or bonding 
members for the foam. 

Housing 10 may be cut to snugly fit within the spacing 
between walls 28,30 of structural member 27. The generally 
W-shape of housing 10 permits the housing to fit over pin 38 
which would be disposed between side walls 16,18. 

Foam 26 is an expandable foam. Thus, in its uncured and 
unexpanded state shown in Figure 3 the foam occupies only a 
portion of the two channels formed between walls 12,16 and 
14,18. Upon curing, the foam 26 expands and because of the 
open walls of housing 10 the foam 26 expands into contact with 
walls 28,30 of structural member 27 and becomes intimately 
bonded to the walls thus tying walls 28 and 30 together. 

Figure 7 shows the use of housing 10 in a tow board 
compartment rail located at the curved section of the rail 27. 

Preferably, sufficient amount of foam 26 is used to 
completely fill housing 10. What is essential, however, is 
that there be sufficient foam to intimately bond to walls 
28,30. 

It is to be understood that while Figures 1-7 illustrate 
the housing 10 to be of generally W-shape other forms of 
housing such as an inverted U- shape could be used in 
accordance with the intended portion of the hollow structural 
member. A W-shape is particularly advantageous for accom- 
modating pin 38. 

Figure 8 shows an alternative practice of the invention 
wherein a housing 40 may be extruded to provide an open 
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structure. Housing 40 may, for example, be an aluminum 
extrusion which includes a pair of side walls 42,44 joined by 
bridge member 4 6 below the ends of the side walls with the 
bottom of the side walls joined by wall 48. Wall 48 extends 
outwardly beyond the side walls 42,44 to form a support 
extension 50,52 which then extends downwardly to form 
extensions 54,56 which fit snugly against walls 28,30 of rail 
or support member 27. Layers of foam 58 are bonded to walls 
42,44 and the extensions or shoulders 50,52. Thus, the foam 
is disposed directly against walls 28,30 of support member 27 
since housing 40 does not include any walls or barriers which 
would prevent direct contact of the foam layers 58,58 with the 
opposed walls 28,30. When foam 58,58 is cured the foam becomes 
intimately bonded to walls 28,30 as well as to reinforcement 
housing 40 thereby effectively reinforcing the structural 
member. As illustrated in Figure 8 pin 38 extends through 
open areas of housing 40. 

Figures 9-10 illustrate a further embodiment of this 
invention wherein the housing 60 is made of open framework 
which consists of a plurality of spaced walls 62,64,66,68,70 
extending in generally the same direction and which would 
extend completely across the open channel of structural member 
27 between opposing walls 28,30. Although five spaced walls 
are shown, a greater or lesser number could be used. 
Preferably there are at least three walls. 

Each set of outer ends of walls 62, 64, 66, 68,70 is 
interconnected by spaced transverse caps or support walls 
72,74. Walls 72,74 may be secured to the frame formed by 
walls 62,64,66,68,70 in any suitable manner such as by welding 
for a permanent connection, or may be detachably secured by 
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the later described flanges. The walls 72,74 may include 
outward extensions or flanges 76,78 which would be bent 
partially around the framework formed by walls 62,64,66,68,70 
for either a permanent or detachable securement. 

Although not illustrated in Figure 9 housing 60 is 
capable of accommodating a pin such as pin 38 which would 
extend, for example, between spaced walls 64 and 66. In order 
to accommodate the pin the housing might be inserted in two 
parts by first inserting the outer wall 74 below the pin and 
then dropping the remainder of housing 60 over the outer wall 
74 so that the housing then assumes its completed structure 
shown in Figure 9. 

Alternatively and preferably, as shown in Figures 11-12, 
housing 60A may be extruded so that the support walls 72A, 74A 
terminate at the edges of the. walls 62,64,66,68,70. The 
extrusion axis is in the direction of walls 62,64,66,68,70. 
Thus, the housing 60A could be cut to its desired size by 
cutting across the extrusion axis. Layers of foam 80 would 
be provided on each outer support wall 72A,74A to become 
intimately bonded to opposed walls 28,30. 

As illustrated each housing has a bisecting axis which 
would be disposed in the same plane as the longitudinal axis 
of the channel between walls 28,30. Preferably, the housing 
is of identical structure on each side of its bisecting axis. 
Housing 10 also has a longitudinal axis along its extrusion 
axis which is perpendicular to its bisecting axis and 
perpendicular to the longitudinal axis of the structural 
member between walls 28,30. The housing may also be of 
identical structure on each side of its longitudinal axis. 
Foam is bonded to the housing each side of the bisecting axis 
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for bonding to walls 28,30. 

The invention may thus be practiced by, for example, 
reinforcing heavy steel reinforcement welded together. For 
example, because of a curved geometry it is difficult to 
s reinforce the structural member properly due to the tendency 
of durability cracking. This occurs, for example, with truck 
cabs mounted on a frame by a heavy bracket wherein heavy bolts 
have been used to connect the walls together but the metal 
Structural member cannot be properly reinforced. By use of 
10 the invention, an effective reinforcement results with a 
lightweight structure. Essentially all that is necessary is 
to drop in the housing or box having the exposed structural 
foam located toward the walls of the structural member so as 
to tie the walls together thereby avoiding localized stresses, 
is The invention could be used, for example, with massive 
steering gear boxes which uses solid steel bushings dropped 
into the rail assembly. By forming the housing as an 
extrusion it is possible to readily manufacture the housing 
and to cut it to shape for a customized fatting in the 
20 structural member. Upon expansion the foam becomes bonded to 
the walls of the structural member thereby avoiding the need 
for heavy reinforcement. 

In the preferred practice of this invention the 
structural member is a vehicle component made of metal. The 
invention, however, may be practiced for reinforcing other 
types of structural members in other types of environments. 
Thus, the structural member could be made of plastic or any 
material which could be intimately bonded to the structural 
foam. 

The housing is preferably extruded from any suitable 
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material, such as aluminum or glass filled nylon. 

The invention may be practiced where the foam is not 
- expandable or fully expandable by, for example, pumping the 
foam in place after the housing has been inserted into the 
structural member. Suitable structural foam material is 
disclosed in copending application Serial No. 09/103,031, 
filed June 23, 1998, the details of which are incorporated 
herein by reference thereto. As disclosed therein, the foam 
is preferably a resin-based material which incorporates hollow 
glass microspheres to reduce density. With specific reference 
now to the composition of foam layer, the density of the 
material should preferably be from about 20 pounds per cubic 
feet to about 40 pounds per cubic feet to minimize weight. The 
melting point, heat distortion temperature and the temperature 
at which chemical breakdown occurs must also be sufficiently 
high such that the foam layer maintains its structure at high 
temperatures typically encountered in paint ovens and the 
like. Therefore, the foam should be able to withstand 
temperatures in excess of 200 degrees C. and preferably 175 
degrees C. for short times. 

In one particularly preferred embodiment the foam layer 
includes a synthetic resin, glass microspheres, a blowing 
agent and a filler. The foam is preferably expanded in place 
between walls 28 and 30 and is prepared by blending together 
the following materials. A synthetic resin comprises from 
about 50 percent to about 80 percent by weight and more 
preferably from about 60 percent to about 75 percent by weight 
of the mixture used to form the foam. Glass microspheres 
comprises from about 10 to about 40 percent by weight and more 
preferably from about 15 to about 25 percent by weight of the 
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mixture. A blowing agent comprises from about 1 to about 10 
percent by weight and more preferably from about 2 to about 
6 percent by weight of the mixture. 

The foam is preferably initially applied in unexpanded 
form to the housing and then expanded into intimate contact 
with the walls 28,30 and thereby bonded to both the housing 
and the structural member. Where the foam is heat expandable 
and the structural member is a vehicle part, use could be made 
of the paint oven to initiate expansion of the foam, without 
requiring a separate heating step. 

Various fillers (such as fumed silica, calcium carbonate, 
milled glass fiber, and chopped glass strand) may be included. 
A filler comprises from about 1 percent to about 10 percent 
by weight and preferably from about 3 percent to about 8 
percent by weight of the mixture used to form the foam. 

Preferred synthetic resins for use in the present 
invention include thermosets such as epoxy resins, vinyl ester 
resins, thermoset polyester resins, and urethane resins. It 
is not intended that the scope of the present invention be 
limited by molecular weight of the resin and suitable weights 
will be understood by those skilled in the art based on the 
present disclosure. Where the resin is a thermoset resin, 
various accelerators, such as imidizoles and ADMP 30", and 
curing agents, preferably di-cyanamide, may also be included 
to enhance the cure rate. A functional amount of accelerator 
is typically from about 1 percent to about 3 percent of the 
resin weight with a corresponding reduction in resin, 
microspheres or filler. Similarly, the amount of curing agent 
used is typically from about 2 percent to about 8 percent of 
the resin weight with a corresponding reduction in resin, 
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microspheres or filler. Effective amounts of processing aids, 
stabilizers, colorants, UV absorbers and the like may also be 
included in layer. Thermoplastics may also be suitable in some 
applications. 

In the following tables, preferred formulations for use 
in forming the foam are described. All percentages in the 
present disclosure are percent by weight unless otherwise 
specifically designated. 
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INGREDIENT 

FORMULA 1 
One Part 



percentage: by weight 

Bisphenol A Epoxy 70% 

Nipol Liquid Rubber 8% 

Di-cy Curative 7% 

EMI-24 Accelerator l% 

B38 Microspheres 14% 



FORMULA II 

Two Part Resin Side "A' 



Epoxy Resin 74% 
Celogen Blowing Agent 6% 
Thixo trope 4% 
K20 Microspheres 16% 



Curative Side "B" 
Aliphatic Amine 65% 
Thixotrope 8% 
K20 Microspheres 27% 



It is to be understood that other structural foams may 
be used with the invention which would bond to both the 
structural member and the drop-in housing. The drop-in 
housing is preferably of open frame construction with a 
bisecting axis wherein there is identical housing structure 
on each side of the bisecting axis. Unless otherwise stated, 
the term Abisecting axis@ does not require the housing to be 
of identical structure on each side of the bisecting axis. 
When the housing is dropped into the structural member, the 
bisecting axis is along the longitudinal axis of the struc- 
tural member. The housing has a longitudinal axis perpendic- 
ular to its bisecting axis. Where the housing is extruded, 
its longitudinal axis is preferably the extrusion axis. The 
housing may also be symmetrical on each side of its longitu- 
dinal axis. Foam would be secured to the housing one each 
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side of the bisecting axis exposed for direct contact with the 
spaced walls of the structural member to bond to the spaced 
walls . 
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IN THE CLAIMS: 

1. A reinforced structure comprising a structural member 
having a pair of spaced longitudinal side walls with a 
longitudinal axis between said side walls, a drop-in 
reinforcement housing having a bisecting axis, said 
drop- in housing having a longitudinal axis perpendicular 
to said bisecting axis, said drop-in housing being 
mounted in said structural member at an orientation 
wherein said longitudinal axis of said housing is 
perpendicular to said longitudinal axis of said 
structural member, structural foam on mounting surface 
structure in said housing on each side of said bisecting 
axis exposed to and in contact with said side walls of 
said structural member, and said structural foam being 
bonded to said housing and to said side walls of said 
structural member to reinforce said structural member at 
the location of said housing. 

2. The structure of claim 1 wherein said structural member 
is channel-shaped with said side walls forming the walls 
of said channel and with said structural member having 
an open wall between said side walls. 

3. The structure of claim 2 wherein said foam is an 
expandable foam. 

4. The structure of claim 2 wherein said housing is of 
identical structure on each side of said bisecting axis. 

5. The structure of claim 4 wherein said foam comprises a 
pair of spaced layers. 

6. The structure of claim 5 wherein said foam layers extend 
completely across the spacing between said side walls of 
said structural member. 
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7. The structure of claim 6 wherein said housing is 
extruded along its longitudinal axis. 

8. The structure of claim 7 wherein said housing includes 
two spaced outer side walls each of which has opposite 
ends, and said housing being open at said opposite ends 
of said side walls. 

9. The structure of claim 8 wherein said housing further 
includes two spaced inner walls, each of said, inner 
walls forming a foam receiving channel with respect to 
its adjacent outer wall, and a foam layer being in each 
of said foam receiving channels. 

10. The structure of claim 9 wherein said housing is W- 
shaped, and a pin extending through said side walls of 
said structural member at a location between said inner 
walls of said housing. 

11. The structure of claim 10 wherein said structural member 
is an automotive compartment rail having a curved 
portion, and said housing being located at said curved 
portion. 

12. The structure of claim 4 wherein said housing comprises 
an open framework formed. by at least three spaced walls 
disposed in generally the same direction with respect to 
each other, a first cross wall spanning and mounted to 
said spaced walls, said first cross wall comprising said 
mounting surface structure, and said foam being on said 
first cross wall. 

13. The structure of claim 12 including a second cross wall 
spanning and mounted to said spaced walls remote from 
said first cross wall, and said foam also being on said 
second cross wall. 

17 
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14. The structure of claim 13 wherein said structural member 
is an automotive compartment rail having a curved 
portion, and said housing being located at said curved 
portion. 

15. The structure of claim 5 wherein said housing is of open 
frame structure including a pair of spaced side walls 
each of which has an outwardly extending shoulder, and 
said foam being positioned on said respective set of 
side wall and shoulder. 

16. The structure of claim 2 wherein said foam is pumped 
into place. 

17. The structure of claim 1 wherein said structural member 
is an automotive compartment rail in the form of a 
channel having an open top. 

18. The structure of claim 17 wherein said rail has a curved 
portion, and said housing being located at said curved 
portion. 

19. The structure of claim 1 wherein said housing is of open 
frame structure made of extruded material. 

20. The structure of claim 1 wherein said housing includes 
two spaced outer side walls each of which has opposite 
ends, and said housing being open at said opposite ends 
of said side walls. 

21. The structure of claim 20 wherein said housing further 
includes two spaced inner walls each of said inner walls 
forming a foam receiving channel with respect to its 
adjacent outer wall and a foam layer being in each of 
said channels. 

22. The structure of claim 21 wherein said housing is 
symmetrically shaped on each side of its bisecting axis 
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and longitudinal axis. 

23. The structure of claim 22 wherein said housing is W- 
shaped, and a pin extending through said side walls of 
said structural member at a location between said inner 
walls of said housing. 

24. The structure of claim 23 wherein said structural member 
is an automotive compartment rail in the form of a 
channel having an open top, said rail having a curved 
portion, and said housing being located at said curved 
portion. 

25. The structure of claim 1 wherein said housing comprises 
an open framework formed by at least three spaced walls 
disposed in generally, the same direction with respect to 
each other, a first cross wall spanning and mounted to 
said spaced walls, said first cross wall comprising said 
mounting surface structure, and said foam being on said 
first cross wall. 

26. The structure of claim 25 including a second cross wall 
spanning and mounted to said spaced walls remote from 
said first cross wall, and foam being on said second 
cross wall. 

27. The structure of claim 26 wherein said at least three 
walls includes five walls, and said housing being of 
identical structure on each side of said bisecting axis. 

28. The structure of claim 26 wherein said structural member 
is an automotive compartment rail in the form of a 
channel having an open top, said rail having a curved 
portion, and said housing being located at said curved 
portion. 

29. A reinforcement housing for reinforcing a structural 
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member comprising two spaced outer side walls each of 
which has opposite ends, and said housing being open at 
said opposite ends of said side walls, said housing 
further includes two spaced inner walls, each of said 
inner walls forming a foam receiving channel with 
respect to its adjacent outer wall, a foam layer being 
in each of said channels, and said housing being 
generally W-shaped. 

30. The housing of claim 29 wherein said housing is made of 
extruded material. 

31. A reinforcement housing comprising an open framework 
formed by at least three spaced walls disposed in 
generally the same direction with respect to each other, 
a first cross wall spanning and mounted to said spaced 
walls, said first cross wall comprising a first mounting 
surface, structural foam being on and bonded to said 
first cross wall, a second cross wall spanning and 
mounted to said spaced walls remote from said first 
cross wall to comprise a second mounting surface, and 
structural foam being on and bonded to said second cross 
wall. 

32. The housing of claim 31 wherein said housing is made 
from extruded material. 

33. A method of reinforcing a hollow structural member 
having opposite side wall portions comprising providing 
a reinforcement housing of open frame structure having 
a bisecting axis and a longitudinal axis perpendicular 
to the bisecting axis, securing a structural foam to the 
housing on each side of the bisecting axis, placing the 
housing as a drop-in unit into the structural member in 



WO 00/13876 



PCT/US98/17994 



a direction wherein the longitudinal axis of the housing 
is perpendicular to the longitudinal axis of the 
structural member located between the side wall portions 
and with the structural foam in contact with the side 
wall portions of the structural member, and curing the 
structural foam so that the structural foam is bonded to 
the housing and to the side wall portions. 

34. The method of claim 33 wherein said housing is formed by 
being extruded along an extrusion axis perpendicular to 
the bisecting axis. 

35. The method of claim 34 including cutting the housing to 
size across its extrusion axis. 
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